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SUIIIIllry 

The induction of respirato~y sensitization in guinea pigs to 

diphenylmethane-4,4'-diisocyanate (MDI), a known human respiratory 

allergen, has been investigated and different rout~s of exposure compared. 

Guinea p~~3 were exposed to MC ~ by intradermal injection, by topical 

application or by irhalation. Pulmonary hypersensitivity was measured 

subsequently as a function of changes in re~pira~~~Y rate follo~ing 

challenge with atmospheres containing MDI. In addition contact 

hypersensitivity was measured by topical challeng-:: and ant1tody responses 

evaluated by enzyme-linked immunosorbent assay (£LISA) and passive 

cutaneous anaphylaxis (PCA). Attempts to sensitize guinea pigs by 

inhalation exposure to MDI were unsuccessful. Antibody responses and 

contact sensitization vere both infrequent and low grade, and no animals 

exhibited pulmonary responses fol'lowing challenge with atmospheric MDI. In 

contrast, sensitization by eith~r intradermal injection or topical 

application of MDI 1ndt:ced antibody responses in the majority of animals. 

Moreover, a proportion of animals in each c~se exhibited pulmonary 

responses following subs.t. a· :~nt inha'lation chCll~enge. 

These da~a indicate th~t the route of exposure influences markedly the 

effectiveness of sensitizaticn to respiratory allergens such as MQI and 

that skin contact may be an important cause of occupational respiratory 

a 11 £-rgy. 
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Introduct1on 

A variety of chemi~als, including some acid anhydrides [1-3], reactive 

dyes [4-6 ], platinum salts [7,8] and diisocyanates [9-11], are k11own to 

cause occupational respiratory allergy, associated frequently with the 

presence of specific lgE antibody. 

The guinea pig has been us~ extensively to model respiratory 

hype1·sensitivity re~ctions induced by chemicals. It has been shown that 

inhalation exposure of guinea pigs to allergens in the form of either the 

free chemical or a hapten-protein conjugate results in respiratory 

hypersensitivity when animals are challenged subsequently ~ith atmospheres 

containing the relevant chemical conjugate (12-15]. 

The acute-onset of respir~tort hypersensitivity is a consequence of 

homocytotropic antibody-induced vasodilation and bronchoconstriction . 

There is no a priori reason to believe that the induction of homocytotropic 

antibody responses and sensitization for respiratory ~llergy will be caused 

solely by inhalation exposure. Indeed, there is evidence that occupational 

respiratory hypersensitivity may result from derm~l exposure to chemic~ ! 

allergens following industrial spillage or splashing [16]. This also can 

be modelled in guinea pigs. A number of reports demonstrate that 

respiratory hypersensitivity reactions can be elicited by inhalation 

challenge, with free or protein-bound chemical, of guinea pigs sensitized 

previously by either topical or intradermal exposure to the free chemical 

[17-19]. 

There is little information av~ilable regarding the relative effectiveness 

of these different routes of exposure for respiratory sensitization. In 
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the present study we have e . . mined the ability of diphenylmethane-4,4'

diisocyanate (MDI) ~o induce respiratory hypersensitivity in guinea pigs 

when administer~d by routes oth~r than inhalation. MDI, like toluene 

diisocyanate (TQ!), is an aromatic diisocyanate whic~ has been used widely 

in the manufacture of polyurethanes and which is known to have the 

potential to cause occupational respiratory hypersensitivity [20-22]. We 

have measured serological responses an~ respiratory and dermal 

hypersensitivity reactions following exposure of guinea pigs to various 

concentrations of MDI by either intradermal or topical routes. In 

addition, in u single experiment the same parameters have been measured 

following inhalation exposure to a single concentration of MDI. 

- 3 -
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Materials and Methods 

Animals 

1-emale Dunkin-Hartley albino guinea pigs (Harlan Porcellus Animal Breeding, 

Sussex, UK) with an initial weight range of approximately 250-30uy were 

used in all studies. Animals were acclimatized for a period of at least 

10 ~ays, randomized and housed individually. Guinea piQS were allowed food 

and water ad libitum except during inhalation e>.posure periods. 

~hemical and hapten-protein conjugate 

Monomeric dlphenylmethane-4,4'-diisocyanate (~01) was obtained from 

ICI Polyurethanes, Everslaan, Belgium. 

Conjugates of MDI with guinea pig serum albumin (GPSA; Sigma Chemical Co., 

St. Louis, MO) were prepared as follows. GPSA (200mg) was dissolved in 

20ml borate buffer (pH 9.4}. MDI (60mg) was added and the solution stirred 

at 4·c for 30 minutes. The solution was dialyzed successively against 

phosphatP.-buffered saline (PBS; pH 7.2} and distilled water. The conjugate 

was ~yoph11ized and stored at -2o·c until use. 

The degree of substitution of MDI conjugates was assessed using a 

method based upon determination of free amino groups by reaction with 

2,4.~-trinitrobenzene sulphonic acid (TNBS) [23]. Conjugates and GPSA at 

lmg/ml in bo~ate buffer (pH 9.3) were incubated for 20 minutes at room 

tempe~ature in the presence of 0.03M TNBS. The optical density at 420nm 
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was measured. GPSA ~.as approY.imately 30 rndily available hapten-binding 

sites per molec•!1e. Hence the degree of substitution (mol/.al) was 

calculateti according to the formula:-

. / OD samol~ 
Substitut1on • ~- 00 GPSA~x 30 

MDI-co~Jugates were found to have substitution ratios of approximately 20:1 

(moles hapten:mol~s protein). 

Sensitization 

(i) Topical sensitization 

Groups of guinea pigs received a single topical applicati~~ to thP shaved 

scapular region of 400~1 of various concentrati~ns of MDI in corn oil, or 

an equal volume of corn oil alone. Application sites were o~:Juded for 

6hr. 

(ii) Intraden.al sensitization 

Guin~a pigs received a single intradermal injection of 100~1 of various 

concentrations of MDI in corn oil, or of an equal volume of corn oil 

alone . 

(iii} Inhalation sensitization 

Gl•inea pigs received 5 consecutive daily exposures (nose only) for 3 hours 

to atmospheres containing between 19.4 and 23.7mg/ml MDI. Control animals 

received identical exposure to dry air. 
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Summary 

Tr~ induction of re~piratory scns1t1zation in guinea pias to 

d 1 nenylmethane-4,4'-diisocyanate (MDI}, a known human respiratory 

allergen, has been investigated and different routes of exposurs compared. 

Guinea pigs were exposed to MDI by intradermal injection, by topical 

application or by inhalation. Pulmonary hypersensitivity was measured 

subsequently as a function of changes in respiratory rate following 

·:. •llenge with atmospheres containing MDI. In addition contact 

hJpersensit1vity was measured by topical challenge and antibody responses 

evaluated by enzyme- linked immunosorbent assay (ELISA) and passive 

cutaneous ~.1aphylaxis (PCA}. Attempts to sensitize guinea pigs by 

inhalation exposure to MDI were un$uccessful. Antibody responses an~ 

contact sensitizati0n were both infrequent and low grade, and no animals 

exhibited pulmonary responses following challenge with atmospheric ~DI. In 

contrast, sensitization by either intradermal injection or topical 

application of MDI induced ant~body responses in the majority of animals. 

Moreover, a proportion of animals in each case exhibited pulmonary 

responses following subsequent i~halation challenge. 

These data indicate that the route of exposure influences markedly the 

effectiveness uf sensitization to respiratory allergens such as MDI and 

that skin contact may be an important cause of occupational respiratory 
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Challenge 

Guinea pigs were challenged 21 days following the initiation of 

sensitization by inhalation exposure to atmospheres cont~in1ng various 

concer.tratio~s of MDI. 

As described previously by ~arol ~ [12], challenge-induced respiratory 

hypersensitivity re~ctions in guinea pigs are charactPrized by an increase 

in respiration rate and a decrease in t~dal ~olume (rapid ~hallow 

breathing) which may progress t0 a slo~ gasping breathing pattern 

reflecting severe bronchoconstriction. Respiratory rate monitoring was 

accomplished by using individual whole-body plethysmograph tubes which also 

permitted nose-only exposure to atmospheres generated i nto perspex exposure 

chambers of 28cm diameter a~d an internal volume of approx ~ ·~ ely 

40 litres. Airflow through the chambers varied according to the 

experimental procedure but was always in excess of 12 air changes per hour . 

Pressure plethysmograp~y was condycted using a system comprising pressure 

transducers linked to~ microcomputer running the Respiratory Analysis 

Programme (kASP ) ,· Physiologic Ltd, Newbury, Berks, UK). Each pressure 

transducer ~as linked to t~e rear of the individual whole-Dody 

plethysmographs anu up t o 8 could be accommodated by the system. The 

pressure changes withi the plethysmograph due to animal respiration were 

detected via the pressure tra~sJucer, amplified and analysed 

respiratory rate. 

1rovide 

Typicaily, the challenge regimen compriser a settling period, usually of 

15 minutes, followed by a period of at lea~t 10 minutes to establish a 
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stable base line rate of respiration. Challenge with atmospheres of MDI 

was performed for 15 minutes and respiration rate monitored for an 

additional 15 minutes after removal from the challenge atmosphere. 

The concentrations employed for challenge exposure were selected on the 

basis of preliminary studies in which guinea pigs were ex~osed to 

increasing concentrations of atmospheric MDI in order ta determine the 

threshold for 1dur.tion of sensory irritation, measured as a function of 

reduced respiratory rate. Such stu~ies were performed to ensure that 

responses observed in sensitized animals were not attributable to pulmonary 

irritation. The selection of appropriate chall~nge concentrations was 

confirmed using relevant control qroups (non-sensitized guinea pigs) in 

each experiment. 

Pulmonary responses were recorded as either positive or negative. A 

positive res~onse was defined as either a rapid decrease (to 70% or less), 

or an increase (to 130% or greater) in respiration rate relative to 

pre-challenge values during the 15 minute challenge pe~iod. Changes in 

respiration rate during the challenge period of between 71% and 129% of the 

mean pre-challenge values were defined as negative responses. 

Atmosphere generation and analysis 

Atmospheres of MDI, used for both inhalation sensitization and challenge, 

were generated as follows. Pre-warmed air was p~ssed over the surface of 

MDI maintained at 65·c to create a satur~ted vapour of the chemical. The 

MDI vapour was condensed by cooling to form an aerosol which was adjusted 

with air to provide the appropriate atmospheric concentration. 

- 7 -



Particulate concentrations were measured gravimetrically using VM-1 25mm 

open-faced filters (Gelman, Northampton, UK). Particle size distributio1 

was determined using a cascade impactor (Marple Cascade Impactor; Schaeffer 

Instruments, Wantage, UK). All atmospheres were sampled in the breathing 

zone of guinea pigs. 

Serological analyses 

Blood was drawn from guinea pigs by cardiac puncture 18 days following the 

initiation of ?xposure. Serum was prepared and stored at -20"C until use. 

(i) Passive cutaneous anaphylaxis (PCA) 

Serum from guinea pigs exposed previously to MDI a~d from control 

animals, was diluted 1:2 with physiological saline . An aliquot {100~1) of 

diluted serum was injected in~:adermally into the shorn flanks of naive 

guinea pigs. Six samples were injected into each recipient. Tests were 

performed either 6h or 6 days later to measure IgG1 and IgE homocytotrop1c 

antibody, respectively. 

Animals were injected intravenously with 500~1 of sterile physiological 

saline containing 2.5mg of MDI -GPSA conjugate and 5mg of Evan~ Blue dye. 

Cutaneous reactions were evaluated after 30 minutes and positive r~sponses 

defined as those which resulted in a local blue i~sion of 3mm or greater 

diameter. 
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(11) Enzyme-11nked 1mnunosorbent assay (ELISA) 

Plastic microtitre plates (Nunc Immunoplate type II, Nunc, Cop · .gen, 

Denmark) were coated with 5~g/ml of MOI-GPSA conjugate in 0.05M sodium 

carbonate/bicarbonate buffer (pH 9.6} by overnight incubation at 4·c. 
Various dilutions of guinea pig serum were added (100~1 aliquots} and the 

plates incubated for 30 minutes at 37"C. Plates were washed (x3) 1n 

PBS containing 0.05% Tween 20 (PBS-Tween} and 100pl of rabbit anti-guinea 

pig IgG1 (Miles Scientific, Slough, UK}, diluted 1:2500 in PBS-Tween added 

to each wel~. Plates were again incubated for 30 minutes at 37"C and 

washed prior to addit i on of a peroxidase-labelleu goat anti-rabbit IgG 

{Milef Sci entific), diluted 1:5000 with PBS-Tween. Following a further 

30 min utes incubation at 37"C the plates were again washed and substrate 

(a-phenylenediamine) added. Reactions were terminated after 10 minutes by 

add i tion of O.SM citric acid. Absorbance at 450nm was measured using an 

automatic reaoer (Multiskan, Flow Laboratories, Irvine, Ayrshire, UK). 

Results are expressed as the reciproca l of the highest dilution of serum 

which resulted in an OD450 of twice the reagent background. 

Dermal hypersensitivity reactions 

Der~al hypersensitivity was assessed 22 days following the initiation of 

exposure, using a modification of the challenge procedure described by 

Magnusson and Kligman [24]. Briefly, guinea pigs were challenged on the 

shaved flanks with lC~~l of a non- irritant {3%) concentration of MDI . The 

application site was occluded and the dressing left in place for 24h. 

Reactions were assessed 24 and 48h following removal of the dressing and 

scored as follows: 0 {no reaction), 1 (sr.attered mild redness), 2 

{moderate diffuse redness) or 3 {intense redness or swelling). 
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Results 

Intrader.al sensitization 

In initial experiments groups of guinea p~gs were exposed by intradermal 

injection to various concentrations (0.0003 to 0.3~) of MOt; a route of 

exposure shown previously in this laboratory to induce in guinea pigs 

pulmonary hypersensitivity to trimell1tic anhydride [18]. Twenty one days 

followino sensitization all guinea p1gs were exposed to atmospheric 

concentrations of MDI of between 27.6 and 36.5mg/m3. Treatment with both 

0.03% and O.J% intraderM~. MDI resulted in pulmonary hypersensitivity with, 

in each case, 5 of 8 test animals exhibiting marked ch~nges in respiratory 

rate following inhalation challenge (Tdble I). Only 1 of 8 animals which 

received 0.003% MDI and no animals which had been treated with 0.0003% MDI 

or with vehicle (corn oil} alone exhibited changes in respiratory rate 

(Table I). Blood was drawn from all animals 18 days following exposure and 

the presence of lgG1 anti-MOl antibody in serum measured by ELISA. As the 

results summarized in Table I indicate, no specific antibody was found in 

serum from control animals which had rec~1ved vehicle alone or in animals 

treated with 0.0003% MDI. Two of 8 guinea pigs sensitized with 0.003% MDI 

and all animals sensitized with eit~er 0.03% or 0.3% MDI exhibited IgG1 

anti-MDf antibody. High titre (1:2560 or greater) antibody was found in the 

serum of all guinea pigs exposed to 0.3% MDI. There wa~. however, no 

~tron~ correlation between the presence of IgGl anti-MDI antibody 1n serum 

and the elicitation of significant changes in respiratory rate following 

inhalation challenge. Thus, a single animal in the group treated with 

0.003% MDI exhibited relat1vely high titre (1:640) antibody, but failed to 
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display a positive response in terms of respiratory rate change following 

challenge. Moreover, in the group exposed to 0.03% MDI, only 1 of the 2 

guinea pigs which were found to have the highest titre anti~ody {~1:10240) 

exhibited positive 1 ~spiratory ratP. changes after challenge. 

The same serum samples were used also to measure PCA. In this series of 

experiments only 6hr reactions were measured, a time point at which mast 

cell-bound IgG1 is detected primarily. Serum from 1 of 8 and 3 of 8 guinea 

pigs in the groups sensitized respectively wit~ 0.03% and 0.3% MDI, induced 

positive PCA responses. Again there ~as no absolute correlation with 

challenge-induced changes in respiratory rate. One guinea pig sensitized 

with 0.1% MDI . serum frum which ind~ced PC~. failed to exhib1t a 

significant alteratio~ in respiratory rate following inhalation challenge. 

Although in all other inst~nces a PCA reaction was associated with a 

positive challenge response, it 1s apparent that a significant challenge

induced respiratory rate change is not necessarily associated with PCA 

activity {Table I). 

Dermal hypersensitiv i ty was examined 22 days following sensitization. 

Following tooical challenge with 3% MDI none of the control guinea pigs 

eYposed previously to vehicle alone exhibited contact hypersensitivity 

reactions. In animals sensitized with MDI only sporadic, and usually low 

grade, ch l lenge reactions were observed. Interestingly, in the group of 

guinea pigs sensitized intradermally with the highest concentration of MDI 

(0.3%) no challenge reactions were observed at 24 hours and only a single 

weak reaction at 48 hours {Table II}. 
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Topical sensitization 

Groups of guinea pigs were exposed topically, under occlusion, to various 

concentrations (10%, 30% and 100%) of MDI, or to vehicle alone. The 

elicitation of pulmonary hypersensitivity was measured 21 days following 

treatment by inhalation challenge with atmospheres containing between 25.9 

and 36.4mg/m3 MDI. Control animals exposed previously to vehicle alone 

failed to develop pijlmonary responses following challenge. In the groups 

sensitized with 10% or 30% MDI positive respiratory rate changes were in 

both cases recorded for 2 of 8 animals. In guinea pigs treated with 100% 

HOI, 3 of 7 animals tested exhibited challenge-induced respiratory rate 

changes (Table III). 

As determined by analysis (ELISA) of serum prepared from animals 18 days 

following sensitization, only 1 of 8 guinea pigs treated with 10% MDI wa~ 

found to have elicited an antibody response. In guinea pigs sensitized 

with 30% or 100% MDI there was evidence for an anti-hapten antibody 

r~sponse in 5 of R and 7 of 8 test animals, respectively . No antibody was 

detecte6 in serum from vehicle-treated controls ~Table 1~1). Here again 

there was no Jbvious correlation between the titre of lgG1 anti-hapten 

anti~ody as determined by ELISA and challenge-induced respiratory rate 

changes. Although 1 of 2 guinea pigs sensit1zed with 30% MDI, and which 

exhibited pulmonary responses, was found to have the highest tit~e antibody 

(1:2560), several animals in the group treated with 100% MDI and which were 

shown to have the same antibody titre, failed to display significant 

changes in respiratory rate following challenge. 
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Serum of 2 animals each from groups sensitized with 301 or 1001 MDI 

exhibited activity in a 6hr PCA assay (Table III). In each of these cases 

a 6 day PCA assay ~as negative (data not presented). In guinea pigs 

treated with 3~ HOI only 1 of 2 animals with PCA-positive sera e~hibited a 

pulmonary response. Of the 2 animals in the group sensitized with !Onl MDI 

which were found to have PCA activity, 1 displayed a challenge-induced 

pulmonary response, the second was not tested. 

Topical challenge of guinea pigs 22 days following the initiation of 

treatment induced dermal reactions in greater than 5~ of all MOl

sensitized animals. No contact reactions were observed following challenge 

of vehicle-treated control~ Table IV) . There was no apparent correlation 

between the incidence and se1erity of dermal hypersensitivity with either 

the elicitation of pulmonary responses or antibody titre. 

Inhalation sensitization 

Guinea pigs were exposed to atmospheres containing between 19 .4 and 

23.7mgjm3 MDI. Control animals received dry air alone. Pulmonary 

responses were measured 21 days following the initiation of sensitization 

by inhalation challenge of all animals with atmospheres containing between 

34 .6 and 44 . 1mgjm3 MDI. 

A significant change in respiratory rate was observed in only a single 

vehicle-treated control animal. Guinea pigs exposed previously to 

atmospheric MDI failed to develop pulmonary respcnses (Table V). As 

determined by ELISA, 18 days following the initiation of inhalation 
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sensitization with MDI, only 3 of 16 ;,nimals were found to have seru. 

anti-hapten antihody, and this was ~ ~ · low titre {1:160 or less). No 

antibody was detected in seru~ prepared from control animals and seru. from 

neither sensitized nor control guinea pigs was active in ~ 6hr PCA assay 

{Table V). Dermal hypersensitivity was measured 22 days following 

treatment by topical challenge with 31 MDI. No cutaneous reactions were 

observed in control animals. Grade 1 skin reactions were recorded for 2 of 

16 test animals at 24~r and for 3 of 16 animals at 48hr {data not 

presented). 
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Discussion 

The data presented he demonstrate clearly that MDI, a known human 

respiratory allergen, is able ~ n induce respiratory hypersensitivity in 

guinea pigs when administered by ~utes ~ther than inhalation exposure. As 

such they serve to confirm and ext~nd the results of previous 

investigations in which exposure of guinea pigs to intradermal trimellitic 

anhydride (TMA) (18,19] or topical TDI [17] has been shown to cause 

respiratory sensit1zation. In the single experiment reported here, 

inhalation exposure of guinea pigs to unconjugated MDI failed to induce 

respiratory sensit~vity. The results of other studies have found 

inhalation exposure to certain chemical respiratory allergens ineffective, 

or at least less effective than intradermal injection, for sensitization 

[14,19]. As many studies in which symptoms of respiratory hypersensitivity 

~ave been provoked successfully in guinea pigs sensitized previously with 

the free chemical have employed the relevant hapten-protein conjugate for 

challenge, the failure, in the pre~ent investigation, to elicit pulmonary 

responses with free chemical is perhaps not surp~ising. More unexpected 

was the very weak immunogenicity of inhaled MDI, with evidence only for low 

titre antibody and/or low grade contact sensitization in a minority of 

exposed animals. It is instructive to consider these data in the context 

of previous stud~es in which the chemical respiratory allergens TMA and 

YMX4R, a reactive dye, were examined and compared with TDI. Inhalation 

exposure of guinea pigs to free TDI was found to induce specific 

sensitization and to result in pulmonary reactions when animals were 

ch~llenged subsequently with atmospheres containing a TDI-GPSA conjugate 

[14]. Under the same conditions, guinea pigs exposed by inhalation to TMA 

and YMX4R failed to exhibit changes in respira~ory rate following challenge 
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~ith the relevant hapten-protein conjugates [14]. It was found, however, 

that many of the guinea pigs exposed to TMA had serum IgG1 anti-hapten 

antibody and that some had IgE antibody also. Similarly, YMX4R induced 

specific IgG1 antibody and, in a proportion of exposed animals, a transient 

IgE response [14]. The failure of inhaled MDI in the present study to 

induce a significant humoral or cell-mediated immune response co~ld be 

considered to be attributable partly to the disposition of the chemical 

within the respiratory tract. The disposition of inhaled aerosols in 

experimental animals is a function largely of particle size [25]. In the 

present study the mean particle size (mass mean aerodynamic diameter) of 

atmospheric MDI used for inhalation sensitization was approximately 1.5~. 

In the studies quoted above [14], where there was evidence for IgG1 and lgE 

antibody following inhalation exposure to TMA, the MMAD of atmospheric TMA 

was found to be in the range of 3.6 to 3.8~m. It may be concluded 

therefore, that the inability of MDI to provoke an antibody response is 

unlikely to be due exclusively to inappropriate disposition within the 

respiratory tract. 

Another possibility is that, a~ the result of local metabolism, 

atmospheric concentrations of MDI do not reflect delivered dose to the 

respiratory tract-associated lympho1d tissue. Such has been proposed 

previously to explain the comparatively weak immunogenicity of inhaled 

2,4-dinitrochlorobenzene in mice [26]. As MDI is highly reactive it is 

possible also that the inhuled chemical associates with macromolecules in 

such a way as to form protein conjugates which are non-immunogenic. 

Alternatively, MDI may in fact reach the local lymphoid tissue but interact 

with the immune system to cause active down-regulation of humoral and cell-

- 16 -
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mediated immunity. Precedents exist . There is c~aar evidence that 

inhalation exposure of rodents to protein antigens, such as ov4lbumin, 

cau~es an dctive and specific suppression of immune function, and in 

particular of IgE responses [27-30]. It is apparent also that inhalation 

exposure of animals to chemical respiratory allergens can result in antigen

specific suppt·ession of subsequent IgE responses [31] and of contact 

sensitizat~on [32]. The possibility exists, therefore, that in the present 

investigations inhalation exposure of gui~ea pigs !o MDI has resulted in a 

simila~ specific down-regulation of immune function. It is important to 

emphasize that in the investigations rP.ported here i .. nalat1on sensitization 

was attempted with only a single concentration of MOl It can not be 

assumed from these data that MDI is unable always to induce respiratory 

sensitization when administered via inhalation. It is possible that other 

exposure concentrations would have been effective. 

Irrespective of the mechanisms responsible for the weak immunogenicity of 

inhaled MDI in the present study, it is clear from the data presentP.d here 

that intradermal injection or topical application of the same chemical 

induces in a proportion of guinea pigs specific antibody responses and 

pulmonary hypersensitivity. The differences in immunogenicity observed 

clearly reflect variation in exposure route rather than the concentration of 

MDI used for sensitization. Intradermal injection of, for instance, 0.03% 

MDI. which elicited pulmonary responses in 5 of 8 guinea pigs and antibody 

production in all guinea pigs, corresponds to a total applied dose of 30~g. 

The minute volume of a guinea pig is approximately 200ml/minute. It can be 

calculated that guinea pigs exposed to atmospheric concentrations of MDI of 

between 19.4 and 23.7mg/m3 (average 22.7mg/m3) inhaled approximately 

- 17 -



4.5~g/minute of the aerosol which is equivalent to 4mg in total dur1r.g 5 

consecutive daily 3 hour exposures. A particle size distribution of between 

1 and 4~m has been sr.own to result in 50% to 90% deposition in the 

res~iratory tract [25], suggesting a cumulative intake of bet~een 

app~oximately 2 and 3.6mg ·1 n the study described here. It must be 

recognized, however, that in these studies inhalation exposure to only a 

single crncentration was examined. It is entirely possible that lower 

atmospheric concentrations of the chemical, resulting in a lo~~r delivered 

dose, might prove effective at inducing respiratory sensitization. 

The reasons for the apparent lack of correlation between serum ar.tibody and 

pulmonary r~sponsivene · s in guinea pigs sensitized by intradermal injection 

or topical application are unclear. Jt is possible however, that in some 

instances, changes in respiratory rate (as measured here} are of 

insufficient sensitivity to detect srealler, but biologically relevant, 

alterations in respiratory function. 

The ability of topical expo Jre to cause respiratory sensitization is of 

considerable interest, part l -ularly in Lhe context of occupational medicine 

and the identification of app opriate operating practices and hygiene 

standards. There is, of cours e, no reason to suppose that cutaneous contact 

with chemical respiratory allergens will not result in the appearance of 

homocytotropic antibody and in pulmonary hypersensitivity following 

subsequent exposure to atmospheres containing the same chemical. Indeed it 

has been shown recently in mice that topical exposure to chemical 

respiratory allergens results in IgE ant~body production [33-36], the active 

and specific sensitizat~on of mast cells in y1vo [37] and immediate-type 

- lA -



dermal hypersensitivity reactions following subsequent topical challenge 

[38]. The results contained within this report confirm that routes of 

exposure other than inhalation ffid} induce respiratory sensitization to 

chemicals and suggest that skin contact with respiratory allergens may 

represent an 1mportant occupational hazard. 
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TABLE I 

SUMMARY OF PULMONARY HYPERSENSITIVITY AND ANTIBODY RESPONSES FOLLOWING INTRADERMAL SENSITIZATION 

OF &UINEA PIGS TO MDI 

lgG1 serum antibody (ELISA) 

Group Pill Pul110nary Titre PCA 
~ (w/v) responses <10 40 160 640 2560 2::10240 (6h) i 

(no. of responses) 

1 0 0/8 8 0/8 I 

2 0.0003 0/6 8 0/8 

3 0.003 1/8 6 1 1 0/8 

- --
4 0.03 5/8 1 4 1 z 1/8 

5 0.3 5/8 4 4 3/8 

Guirea pigs were exposed to various concentrations of MDI, or to vehicle (corn oil) alor.e, 

by a single intrader.al injection. Seru• was prepared fro. blood drawn 18 days following 

exposure . Pul.onary responses were .easured 21 ciays following treat.ent by inhalation exposure to 

at.ospheres containing between 27.6 and 36.51g/~ MDI (Group 1, 30.3~g/~; Group 2, 27.~/~; 

Group 3, 35.o.gj~; Group 4, 36.s.g, ·~; Group 5, 35.2~/~). 
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TABLE II 

DERMAL HYPERSEICSITIVITY RESPONSES FOl.LfMING INTRADERMAL SENSITIZATION Of 

GUINEA PIGS TO till: A StlltARY 

fill 24h 
Group 

I (w/v) NO 0 1 2 3 NO 0 

48h 

1 2 
(no. of responders) (no. of responders) 

1 0 8 8 

2 0.0003 3 3 1 1 3 4 1 

3 0.003 5 3 6 1 1 

3 

4 0.03 2 6 2 6 
-l 

5 0.3 8 7 1 

Guinea pigs were exposed to various concentrations of MDI, or to vehicle (corn o11) alone, 

by a single intradenaal injection. Der.al hypersensitivity was .aasured 22 days following 

exposure by topical challenge with 31 MDI. 

ND • not deter.ined 

! 
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TABLE Ill 

SUMMARY OF PULMONARY HYPERSENSITIVITY AND ANTIBODY RESPONSES FOLLOWING TOPICAl SENSITIZATION 

OF GUINEA PIGS TO MDI 

lgG1 serum antibody {ELISA) 

Grour MOl Pulll'lot . .sry Titre PCA 
I {w/v) responses <10 40 160 640 2560 (6h) 

(no. of responses) 

1 0 0/8 8 0/8 

2 10 2/8 7 1 0/8 

3 30 2/8 3 1 1 2 1 2/8 

4 100 3/7 1 1 6 2/8 

~uinea pigs were exposed to various concentrations of MDI, or to vehicle {corn oil) alone, 

~~~ . 

by a single topical application. Seru. was prepared fro. blood drawn 18 days following exposure. 

Pul.onary responses were .easured 21 days following treat.ent by inhalation exposure to at.ospheres 

containing between 25.9 and 36.4mg/~ HOI (Group I, 30.8mg/ m3; Grou~ 2, 25.91g/~; Group 3, 29.2~/~; 

Group 4, 36.4Mg/~). 
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TABLE IV 

DERML HYPERSEJISITIYITY RESPONSES FOLLOWING TOPICAL SENSITIZATION OF 

GUINEA PIGS TO ..OJ: A stiiWlY 

fill 24h 
Grl'UP 

S (w/v) NO 0 1 2 3 NO 0 

48h 

1 2 
(no. of responders) (no. of responders) 

1 0 8 8 

2 10 3 5 3 5 

3 30 1 5 2 3 3 

4 100 1 1 1 5 1 2 3 1 

3 

2 

1 

Guinea pigs were exposed to various concentrations of HOI, or to vehicle (corn oil) alone, 

by a single topical application. Oer.al hypersensitivity was Measured 22 days following 

exposure by topical challenge with 3S MDI. 

NO • not aeter.1ned 

~=~~· . 
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TABle¥ 

Sl~Y Of PUIJilHARY HYPERSENSITIVITY AND ANTIBODY RESPONSES FOLLOWING lmALATION SENSIHZATION 

OF GUINEA PIGS TO MDI 

IgG1 seru• antibody (ELISA) 

Group fill Pul110nary Titre PCA 
1119/~ responses <10 40 160 (6h) 

(no. of responses) 

1 0 1/7 8 0/8 

2 19 .4- 0/16 13 2 1 . 0/16 23.7 

I 
Guinea pigs e exposed to at.aspheres containing between 19.4 and 23.7~g/~ MDI, or to dry atr 

alona. Innalation exposure was perfor.ed for 3 hours on each of 5 consecutive days. SerUI was 

prepared fro. blood drawn 18 days following the initiation of exposure. Pul.anary responses were 

.. asur~ 21 days following the initiation of treat .. nt by inhalation exposure to at.ospheres 

containing between 34.6 and 44.11119/~ MDI (Group 1, either 34 .6 or 44.1ag/~; Group 2, 34.6, 43.4 

or 44.11119/~). 
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APPENDIX 

BREATHING PATTERN MEASUREMENTS 

In the experiments described, breathiug pattern, in addition to alterations 

1n respiratory rate, was measured. The rationale was that the elicitation 

of p~lmonary reaction~ in previously sensitized guinea pigs may cause 

perturbations in breathing pattern independently, or in the absence, of 

substantial alterations in respiratory rate. 

Breaching pattern data were evaluated using a Respirat~~y Analysis 

Programme (RASP) . Brea~hi~g patterns for individual animals were displayed 

continuously on a monitor screen and recordings oade at 8 second i~~~rvals 

during the stabilization, challenge and recovery periods. Normal breathing 

pattern is described by a smooth sine-wave form, with the inspiration and 

expiration phases being cf approximat~ly equal length. Significant changes 

in wave form resulting from challenge were cl~ssified as being indicative 

of a respiratory hypersensitivity reaction . 

TABLES I and IA 

Untreated control animals (group 1) displayed neit~er cha~ges in 

respiratory rate nor abnormal breathing pat t erns following inhalation 

challenge with an atmosphere of MDI . No guinea p i gs sensitized 

intraderma lly with 0.0003% MDI (group 2) sho~1ed changes in respiratory rate 

following challenge and only 1/6 guinea pigs displayed an abnormal 

breathing pattern. In group 3 (~inea pigs sensitized intradermally with 

0.003% MDI) 5/8 animals showed challenge-induced changes in breatlling 

pattern, while only 1/8 exhibited alterations in respiratory rate. In thto~ 

-33. 
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highest sensitization dose groups (grou? 4, 0.03% MDI and group 5, 0.3% 

MDI) 5/8 guinee pigs ~ere found to exhibit changes in respiratory rAte. In 

the same groups 4/8 and 8/8 animals, respectively displayed abnormal 

bre~thing patterns . Using r.he criteria for positive respo~es employed 

here . it ~s clear that. in some instances, abnormal breathing patterns were 

observed 1n the absence of substantial changes in respiratory rate. Such 

differences are most 'J0Vious in group 3. It is apparent also, however, 

that a substantial change in respiracory rate may be observed in the 

absence of an abnormP.l breathing pattern (animals no 3 and 4, group 4) . 

A gene r a l association exists betveen increasing IgGl anti·MDI antibody 

titre and the frequenc y of pulmonary responses following challenge. 

Howe vF.r , such associati ons are not invariable as is cle~r when responses 

provoked in i ndiv ~dua l animals are examined . Thus, antibody titres of as 

high as 1/ 2560 and 1/10240 ~re not always indicatiVP of a pulmonary 

reaction as def1ned here . 

TABLES III and IliA 

Here again there is no evi dence for pulmonary responses in untreated 

control animals challenged by inhala ~ ion exposure to MDI . . In groups 2 and 

3 (guinea pigs sens1tized topically with lUX and 30% MDI, respectively) 2/8 

animals exhibited challenge - induced changes in respiratory rate . In the 

same groups, l/8 guinea pigs in each case exhibited abnormal breathing 

patterns . In the highes~ dose group (topical exposure to 100% MDI), 3/7 

g\~inea pigs showed c1:anges in respiratory ·:ate and 5/7 guinea pigs abnormal 

breathing patterns . 

-3 '-1-
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TABLES V and VA 

No cont:rol animals ~xhibited abnormal breathing patterns following 

challenge and only 1/7 animals was founa to have an altered respiratory 

rate . No guinea pigs sensitized by inhalation exposure to atmo•pheres of 

MDI exhibited pulmonary reactions when challenged by the same route . 

In summary, incorporation of data derived from mea•urement of 

challenge-induced chang~s in breathing patt6rn does not influence or alter 

the conclusions drawn from analysis of respiratory rate alone. These 

conc Jusions are discussed in detail in the main paper. Neither does 

examination of breathing pattern serve to clarify the rel,tion.hip b~tween 

IgGl anti -hapten antibody titre and the elicitation of pulmonary reactions 

in previously sensitized guinea pigs . On the ba~is of the studies 

performed and the data presented here it is not possibl• to draw firm 

conclusions about the relative merits And sensitivity of respiratory rate 

and breath i ng pattern measurements . 

IKjVMC/8718 
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TABLE IA 

PULMONARY REACTIONS AND ANTIBODY RESPONSES FOLLOWING INTRADERMAL SENSITIZATION OF GUINEA PIGS TO HOI 

Aniaal Group 1 (0) Group 2 (0 .0003) Group 3 (0 . 003) Group 4 (0 .03) Group 5 (0 . 3) 
Rl T2 Ab3 R T Ab R T Ab R T Ab R T Ab 

1 - - <10 - - <10 - + 10 - - 640 + + 10240 
2 - - <10 - - <10 - + 40 - - 10240 - + 2560 
) - - <10 - - <10 - - <10 + - 640 + + 10240 
4 - - <10 - + <10 - + <10 + - 10240 - + 10240 
5 - - <10 - - <10 - + 640 + + 2560 + + 10240 
6 - - <10 NT4 NT <10 + + <10 + + 640 + + 2560 
7 - - <10 - - <10 - + <10 - + 160 + + 2560 
8 - - <10 NT NT <10 - - <10 + + 640 - + 2560 

Total 0/8 0/8 0/6 1/6 1/8 5/8 5/8 4/8 5/8 8/8 
--· -- - -----

1 Respiratory rate; 2 Respiratory trace, breathing pattern; 3 Reciprocal IgGl titre (ELISA); 4 Not tested 
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TABLE IliA 

PULMONARY REACTIONS AND ANTIBODY RESPONSES FOLLOWING TOPICAL SENSITIZATION OF GUINEA PIGS TO MDI 

Ani.a1 Group 1 (0) Group 2 (10) Group 3 (30) Group 4 (100) 

R1 T2 Ab3 R T Ab R T Ab R T Al.. 

~ 
"'l 

1 - - <10 - . <10 - - 640 + + 2560 

2 - - <10 - - <10 - - <10 - + 2560 

3 - - <10 - - <10 - - 160 + - 2560 

4 - - <10 - - <10 + - 40 - + 2560 

5 - - <10 + + 160 - - <10 + + 2560 

6 - - <10 - - <10 - - 640 - - <10 

7 - - <10 + - <10 - - <10 - + 2560 

8 - - <10 . - <10 + + 2560 . NT'~ NT 640 l 
I 

Total 0/8 0/9 2/8 1/8 2/8 1/8 3/7 5/7 

1 Respiratory rate; 2 Respiratory trace, breathing pattern; 3 Reciprocal lgGl titre (ELISA); 4 Not tested 



TABLE VA 

PUI~ONARY REACTIONS AND ANTIBODY RESPONSES FOLLOWING INHALATION 
SENSITIZATION OF GUINEA PIGS TO MDI 

Animal Grl"up 1 (0) Group 2 (19.4-23.7) 
Rl T2 Ab3 R T Ab 

- · 
1 - . <10 - - <10 
2 NT4 NT <10 - - <10 
3 - - <10 - - <10 
4 - - <10 - - 40 
5 + - <10 - - <10 
6 - - <10 - - 160 
7 - - <10 - - <10 
8 - - <10 - - <10 
9 - - <10 

10 - - <10 
11 - - <10 
12 - - <10 
13 - - <10 
14 - - 40 
15 - - <10 
16 - - <10 

Total 1/7 0!7 0/16 0/16 

1 Resp i rato ry rate ; 2 Resp i ratory trace, breathing pattern; 3 Reciprocal 
lgG1 titre (ELISA) ; 4 Not tested 
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• BREATHING BATE ANP PATTERN CHANGES IN GUINEA PIGS SENSITISED TO 
' MPI ANP CHALLENGEP W!TH MPI AEROSOLS ,.,. 
~· 

' { ' 

Two criteria were used for determination of a positive 
respiratory response to challenge with MDI aerosols: 

a) Breathing Rate 
b) Breathing pattern 

Breathinq R,te 

This has been used in all of the work conducted at CTL on 
respiratory responses of guinea pigs th~t have been sensitised to 
uulmonary sensitisers. The classification criteria were developed 
through experience over a period of 2-3 years. They are based 
upon individual animal breathing rate measurements during 
exposure to the sensitiser bAing compared with rates over an 
initial control period (which follows a short period of 
acclimatization to the restraint/plethysmograph tubes). The rates 
d uri ng the control p~riod are normalised to 100\ to enable 
variations from the mean to be scored as percentage changes . 
The criteria for positive responses have been published and are 
as follo~s : 

No effect: changes in respiration rate within 71-129\ of the 
normal bac kground rate within the 15 min challenge period. 

Moderate response : An increase in respiration rate to 130\ or 
more of ~he normal background rate within the 15 min challenge 
period. 

Severe response : A rapid decrease in respi ration rate to 70\ or 
less of the normal background rate within tne 15 min challenge 
peri od . This response may be preceded by an increase in 
respi ratory rate. 

Copies of respiratory rate plots from a number of groups of 
animals exposed to MDI aerosols are attached to illustrate these 
criteria (Figures 1, 9, 14 , 21) 

Breathing pattern 

Breathing patterns were measured on many of our later studies 
using pressure plethysmography as described in our publication. 
The equipment was controlled and monitored by a computer which 
allowed "snapshots" of periods to be saved and printed as a trace 
of the respiratory pattern which was monitored continu~lly on a 
monitor by the study operators . Consideration of breathing 
pattern as poaitive or negative was made by blind and random 
reading of coded copies of respiratory pattern traces . Only after 
scoring was the group and treatment identified and collated by 
the study i nvestigator and study director. 
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Copies of respiratory patterns from a number of groups of ar~mals 
exposed to MDI aerosols are attached to illustrate these 
c1.·i teria. 

Normal breathing patterns are generally reasonably smooth and 
symmetrical, as shown in Figures 3, 10 and 15. 

Breathing patterns indicative of a response to challenge with MDI 
and other respiratory sensitisers vary considerably. Strong 
responses are easily distinguished, as shown ir. Figures 8, 18 and 
19. Weaker responses range between those shown in Figures 5 & 
12/13 . The weaker responses are often similar to those seen when 
animals are exposed to sensory irritants. However, all studies 
are preceded by preliminary studies to determine the threshold of 
irritancy of the test matar.ial in control animals and challenge 
exposure concentrations are always maintained below this. The 
response at challenge which is similar to irritancy but at a 
lower concentration might indeed be a reflection of an irritant 
response in an airway which has become hyperreactive due to 
sensitisation with tast material and therefore responds at 
markedly lower concentration to the normal airway. Further 
experience from our laboratory and others will help us to 
interpret these findings mere comprehensively. 

Figures 

Attached :igures are of rate patterns and associated breathing 
patterns from groups treat~d as follows: 

Sensitisation with 0 . 3\ MQI. challenge with different aerosol 
concentrations 

Figures 1-8: 0 . 3\ MDI id . sensitisation, challenge with 28mg j m3 

MDI 

Figures 9-13: 0 . 3\ MDI id . sensitisation, challenge with 2. 9mg ; m3 

MDI 

Sensitisation with different concentrations of MDI 
(intradermallyl and challenge with one aerosol concentration 

Figure& 14-20: 0 . 3\ MDI id. sensitisation, challenge with 
35. 2mg ; m3 MDI 

Figures 21-23: 0. 0003\ MDI id. sensitisation, challenge with 
27 . 6mg ; m3 MDI 
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